Objectives: The rate of vertical HIV transmission for women at high risk of HIV transmission stands at approximately 7.6%. In the present study we describe infant infection rates in women who had received raltegravir (RAL) intensification during pregnancy to a standard three-drug antiretroviral (ART) regimen in Thailand. Methods: This prospective cohort study enrolled HIV-1-positive pregnant women at high risk of vertical transmission, as defined by (1) ART initiation at a gestational age (GA) ≥32 weeks or (2) HIV-1 RNA >1000 copies/mL at GA of 32-38 weeks while on ART. Women received a standard three-drug ART regimen with RAL intensification (400 mg twice daily) until delivery and continued on a three-drug ART regimen after delivery. Plasma HIV-1 RNA testing was performed before intensification and at delivery. Infant HIV-1 status was determined using DNA PCR at birth, and at 1, 2 and 4 months of life. Results: Between February 2016 and November 2017, 154 pregnant women on ART were enrolled into the study with a median CD4 cell count and plasma HIV-1 RNA level of 382 cells/mm 3 and 4.0 log10 copies/mL, respectively. The three-drug combination consisted of either a lopinavir/ritonavir-(53%) or efavirenz-based (43%) regimen. Median GA at time of RAL initiation was 34 weeks (interquartile range [IQR] 33-36) and median duration was 21 days (IQR 8-34). The proportion of women who had a plasma HIV-1 RNA <50 and <1000 copies/mL at delivery was 45% and 76%, respectively. There were six infants with HIV infection, three in utero and three peripartum. Overall vertical transmission rate was 3.9% (95% confidence interval [CI] 1.4-8.2). Conclusion: The majority of high-risk pregnant women living with HIV-1 who had received RAL intensification achieved viral suppression at delivery with a relatively low rate of vertical transmission. This intensification strategy represents an option for prevention in HIV-positive women at high risk of vertical transmission.
Introduction
The World Health Organization (WHO) has set targets to eliminate HIV vertical transmission by 2020 [1] using the following criteria: vertical transmission rate less than or equal to 50 per 100,000 live births and less than 2% in non-breastfeeding populations for at least a year [2] . Thailand was the first country in Asia to receive WHO validation for the elimination of vertical transmission by meeting these targets, with a rate of 1.9% in 2015 [3] . The Thai Ministry of Public Health has set goals to bring this rate below 1% [3, 4] .
The risk for mother-to-child transmission (MTCT) depends mostly on gestational age (GA) at the time of antiretroviral therapy (ART) initiation and HIV-1 viral load (VL) level before delivery. Earlier ART initiation and HIV suppression at the time of delivery are associated with a reduction of vertical transmission risk [5, 6] . A study from the UK and Ireland has found that vertical transmission rates in pregnant women with levels of HIV-1 VL near delivery >10,000 and 1000-9999 copies/mL were 9.2% and 3.0%, respectively, in contrast to <0.1% if VL was <50 copies/mL [7] . Data from the Spectrum AIDS Impact model 2016 has estimated the probability of vertical transmission among pregnant women who had received ART for less than 4 weeks before delivery at 7.6% [8] . Women living with HIV-1 with a high VL who present in the late third trimester of pregnancy are unlikely to achieve an undetectable VL (<50 HIV-1 copies/mL) by the time of delivery when using standard three-drug non-nucleoside reverse transcriptase inhibitor (NNRTI)-or protease inhibitor (PI)-based ART.
Raltegravir (RAL), an HIV-1 integrase inhibitor, is used in pregnancy [9, 10] as it rapidly reduces HIV-1 VL by 2 log 10 copies/mL within 2 weeks of treatment initiation [11] [12] [13] [14] [15] and it crosses the placenta, and has, therefore, a potential impact as a pre-exposure prophylaxis agent to prevent vertical transmission [14, 16, 17] , as reported among late-presenting pregnant women in several countries such as Austria [15] , Brazil [14] and France [11] . Pregnant women who were treated with RAL had an overall vertical HIV-1 transmission rate of 0.7%. However, the rate was higher at 1.3% among a subgroup of women who had received it during the third trimester of pregnancy [10] .
The Thai elimination of mother-to-child transmission of HIV programme has investigated factors associated with vertical transmission among infants infected with HIV-1 who were born between 2014 and 2016. The major factors associated with transmission were: being late to antenatal care; incidental HIV-1 infection during pregnancy; and poor ART adherence [18] . As a result, we have set up a prospective pilot study in collaboration with the Thai Red Cross AIDS Research Center to assess the impact of the addition of RAL to standard three-drug ART regimens on vertical transmission rates in HIV-1 positive pregnant women who were late-presenters or had high HIV-1 viral loads near delivery.
Methods
This prospective cohort study with RAL intensification in pregnant women at high risk for MTCT was initiated by the Thai Red Cross AIDS Research Centre, under the Patronage of Her Royal Highness Princess Soamsawali. A three-drug ART regimen is recommended during pregnancy in the Thai 2016 PMTCT guidelines using efavirenz, tenofovir disoproxil fumarate (TDF) plus either lamivudine (3TC) or emtricitabine (FTC). Alternative regimens include lopinavir/ritonavir (LPV/r) with either TDF or zidovudine (ZDV) plus 3TC. These guidelines also recommend an elective Caesarean section for high-risk pregnant women with an HIV-1 RNA level >1000 copies/mL at 34-38 weeks' GA or for those who have received a standard three-drug ART regimen for <12 weeks [19] . However, the mode of delivery in Thailand is dependent on physician discretion and hospital capacity.
The study inclusion criteria were: pregnant women with HIV infection who were initiated on ART at a GA ≥32 week or who had an HIV-1 RNA >1000 copies/mL at 32-38-weeks' GA despite being on ART. Pregnant women with HIV-1 infection from all areas of Thailand were given access to this programme. Their ART regimen was dispensed by their local hospital pharmacy, and RAL couriered from the Thai Red Cross AIDS Research Center to antenatal care clinics. Women provided written consent for participation in the study, which was approved by the Faculty of Medicine, Chulalongkorn University Institutional Review Board, Bangkok, Thailand.
Antiretroviral regimens during pregnancy and postpartum
Twice-daily oral RAL 400 mg was added to a standard three-drug ART regimen for pregnant women up until delivery. Raltegravir was stopped after delivery while the three-drug ART regimen was continued postpartum. The Thai 2016 PMTCT guidelines recommend a 6-week course of triple therapy with oral ZDV 4 mg/Kg and 3TC 2 mg/Kg every 12 hours, plus nevirapine (NVP) 4 mg/Kg once daily as a post-exposure prophylaxis regimen for infants born to mothers at high risk of vertical HIV-1 transmission. Infant formula is provided to HIV-exposed infants up to 18 months of age. Breast feeding is not recommended.
Laboratory methods
HIV-1 RNA levels were measured at the time of RAL initiation and at delivery using either plasma or dried blood spot (DBS) samples. Plasma HIV-1 RNA was performed using the COBAS AmpliPrep/ COBAS TaqMan HIV-1 Test (Roche Molecular system, NJ, USA) or the Abbott RealTime HIV-1 assay (Abbott Molecular Inc, IL, USA) with a limit of detection of 20 and 40 copies/ mL, respectively. HIV-1 RNA testing using DBS specimens was performed using Abbott m2000rt (Abbott Molecular Inc, IL, USA) at the HIV-NAT Research Laboratory, Bangkok, Thailand. The assay has been validated and reports comparable HIV-1 RNA levels to those in plasma with a detection cut-off of 839 copies/mL. In this study, when the DBS HIV-1 RNA was reported as <839 copies/mL, it was categorised into the same group as plasma HIV-1 RNA 50-999 copies/mL and, if reported as undetectable, into the same group as plasma HIV-1 RNA <50 copies/mL.
The infant HIV-1 status was determined by DNA PCR at birth (0-7 days after birth) and at 1, 2 and 4 months of life [19] . HIV-1 infection in utero was defined by a positive HIV-1 DNA PCR result at birth. Infants were diagnosed as HIV-1 infected if they had two positive HIV-1 DNA PCR test results. Uninfected infants were defined as having at least two negative HIV-1 DNA PCR test results, with at least one performed at ≥4 months of age. Probably uninfected infants were defined as having at least two negative DNA PCR test results, with at least one negative at 2 months of age. Possibly uninfected infants were defined by a negative DNA PCR test result at birth and at 1 month. Presumably uninfected infants by the in utero route were defined by a negative DNA PCR test result at birth.
Statistical analysis
Data were analysed using the Stata version 13 programme. HIV-1 perinatal transmission rates are reported as percentages with 95% confidence intervals (CI). Regardless of the number of babies from one pregnancy, infants were counted individually. The proportion of pregnant women with HIV-1 RNA levels <50 and <1000 copies/mL at delivery is reported as a percentage. The viral decay rate was calculated by comparing HIV-1 RNA levels in log10 copies/mL at the time of RAL initiation and at delivery.
Results

Demographic data
Between February 2016 and November 2017, 154 HIV-positive high-risk pregnant women were prospectively enrolled to receive RAL intensification. Of these, 113 (73%) were late-presenting pregnant and untreated women, and 41 (27%) were on ART with a high HIV-1 VL. The three-drug ARV regimen was optimised by adding RAL for those in the group who were on ART with high VL. Women originated from various regions in Thailand, e.g. 39% from Bangkok and Central Thailand, 18% from the Northeast, 17% from the South, 16% from the East and 10% from the North. Their clinical characteristics are presented in Table 1 . Median age was 23 (IQR 19-29) years, median CD4 cell count 382 cells/mm 3 (IQR 171-545) and median GA at the time of RAL initiation was 34 (IQR 33-36) weeks with a median interval between their enrolment date and RAL initiation of 2 days (IQR 0-4). Median duration of RAL therapy was 21 days (IQR 8-34 days), with 41% of women receiving <2 weeks; 25% 2-4 weeks; 22% 4-6 weeks and 11% 6-9 weeks of treatment. 
Characteristics Results
Age (years), median (IQR) 23 (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) GA at time of receiving raltegravir (weeks), median (IQR) 34 (33-36)
Indication to receive raltegravir intensification
Receiving ART with HIV-1 VL >1000 copies/mL (%) 41 (27) Initiating ART at GA ≥32 weeks (%) 113 ( • ZDV-3TC-LPV/r 28 (18) • Other regimens HIV-1 RNA in pregnant women Baseline HIV-1 RNA level measurements at the time of RAL initiation are described in Table 2 using plasma (70%) and DBS sample (30%) testing with 92% of women at >1000 copies/mL, and 51% >10,000 copies/mL. HIV-1 RNA testing at the time of delivery showed that 67 (45%) and 113 (76%) of pregnant women had achieved a low HIV-1 RNA at levels <50 copies/mL and <1000 copies/mL, respectively. HIV-1 RNA testing was performed using plasma (76%) and DBS samples (24%). The HIV-1 RNA results at levels <50 copies/mL were tested using 50 plasma and 17 DBS samples. The HIV-1 RNA test results at 50-1000 copies/mL were performed using 39 plasma and seven DBS samples.
Of 154 pregnant women, 127 had paired sample of HIV-1 RNA at the time of RAL initiation and at delivery. The median HIV-1 RNA decrease was 1.64 log 10 copies/mL with a median duration of RAL intensification of 21 days (IQR 8-34).
HIV-1 vertical transmission rates
There were 155 infants born, including two sets of twins, and one fetal death in utero. Seventy-five (48%) were delivered by Caesarean section and 80 (52%) by vaginal delivery. The median GA at birth was 39 weeks (IQR 38-39). Of the births, 11% were preterm deliveries (GA <37 weeks) and 19% of infants were born with a low birth weight (<2500 g). All infants were formula-fed.
In total, there were six HIV-positive infants (two positive HIV-DNA PCR), giving a 3.9% (95% CI 1.4-8.3) vertical transmission rate as shown in Table 3 . There were three in utero and three peripartum HIV infections. Clinical characteristics of the HIV-1 infected children are shown in Table 4 . Three infants acquired HIV in utero, the mothers having initiated ART, or received raltegravir intensification at 34-35 weeks' GA, possibly after transmission had occurred. For the three infants who were infected peripartum, one of the mothers (Case 6) reported not taking ART as documented by lack of VL decrease. In another case (Case 4), the infant had received only ZDV as neonatal prophylaxis, which was not appropriate in this case.
The transmission rate, stratified by mode of delivery and indication for RAL use, is presented in Table 5 . In addition, six infants were presumably HIV-1 uninfected in utero with negative HIV-1 DNA PCR test results at birth before being lost to follow-up. Maternal HIV-1 RNA at time of delivery was <200 copies/mL in five cases and 4338 copies/mL in the remaining one.
Serious adverse events in infants
There were two infants with congenital anomalies, one with trisomy 21 and the other with gastroschisis. Two deaths occurred: one in utero and one in the neonatal period. In the case of the in utero death, the mother was diagnosed with HIV-1 infection 3 years before the pregnancy and initiated on a TDF/3TC/LPV/r/RAL regimen at a GA of 33 weeks. Thirteen days later she presented to hospital with reduced fetal movements and was referred to a tertiary care centre within 24 hours. The fetus was vaginally delivered as an in utero fetal death with a body weight of 1835 g. The second infant death occurred at home at 7 days of life from an unknown cause. The mother was a migrant with a CD4 cell count of 548 cells/mm 3 and a plasma HIV-1 RNA level, at the time of RAL initiation, of 4325 copies/mL and 192 copies/mL at the time of delivery. She had received ZDV, 3TC and LPV/r with RAL intensification for 21 days. This infant was born at GA 39 weeks, birth weight was 2990 g with no perinatal complications and a negative HIV-1 DNA PCR at birth.
Discussion
The rate of HIV vertical transmission in this study among high-risk HIV-1-positive pregnant women for MTCT with late presentation or persistent viraemia who had received RAL intensification to their three-drug ART regimen was 3.9%, which is lower than the estimation from the 2016 Spectrum AIDS Impact model of 7.6%. Importantly, we have shown that the majority of these women within a resource-limited setting achieved a plasma HIV-1 RNA <1000 copies/mL at the time of delivery and that half of the infants were born by vaginal delivery. Therefore, we suggest that a RAL-based intensification strategy might be an option to achieve a reduction of HIV-1 vertical transmission among pregnant women at high risk in this type of setting where an elective Caesarean section is not routinely available. (14) 18 (46) 10 (24) 37 (39) 11 (10) >10,000-100000 53 (40) 10 (7) 14 (36) 4 (10) 39 (42) 6 (6) >100,000 14 (11) 4 (3) 7 (18) 3 (7) 7 (7) 1 (1) ART: antiretroviral therapy; GA: gestational age; RAL: raltegravir; VL: viral load The British HIV Association (BHIVA) guidelines for the management of HIV-1 infection in pregnant women recommend the use of a three-or four-drug regimen that includes RAL for women who present late after 28 weeks of pregnancy with an unknown VL or with a VL >100,000 copies/mL [20] . In the present study, addition of RAL as a fourth drug to the regimen during pregnancy provided a simple way for reverting to a standard three-drug regimen postpartum.
We have observed that a plasma HIV-1 RNA <1000 copies/mL was achieved by 76% of study participants by the time of delivery with a median 1.6 log10 copies/mL decrease during a median 21 days of RAL intensification. This level of viral decay is smaller than previously reported (1.1 log10 copies/mL per week), and may be explained by the lower participant baseline HIV-1 RNA level in our study (4.0 log10 copies/mL compared to 5.4 log10 copies/mL) and also a shorter RAL duration [21] . There is an initial rapid HIV-1 RNA decay phase during the first 14 days of RAL administration [22] . This has most likely contributed to the high proportion of participants achieving a plasma HIV-1 RNA <1000 copies/mL, despite the short time period of RAL intensification.
The vertical transmission rate of HIV-1 was higher in our study than in a review where it stood at 1.3% in a subgroup of 153 pregnant women who had received RAL during the third trimester of pregnancy [10] . This might be explained by the shorter intensification duration and higher rate of vaginal delivery in our participants. The reduction in vertical transmission rates associated with RAL intensification might be explained by the rapid VL reduction in pregnant women and transplacental drug transfer to provide post-exposure prophylaxis to the fetus. Indeed, a previous study had shown a median 1.48 cord blood/maternal plasma RAL concentration ratio [20] , with concentration in neonates remaining above the IC95 for wild-type HIV-1 up to 36 hours post-delivery [23] .
The present study was a pilot, operational research study that tested the feasibility of using nationwide RAL intensification in a population at high risk for vertical transmission in a resource-limited country.
There are three important features of our programme: (1) communication via telephone, fax, email and mobile phone-based messaging from remote hospitals to the Thai Red Cross Center in Bangkok to confirm eligibility criteria; (2) logistical support for drug distribution to remote hospitals by couriers, with a median time from enrolment to RAL initiation of 2 days; and (3) the use of DBS specimens to quantify maternal HIV-1 RNA levels and HIV-1 DNA in infants. Therefore, we could ascertain HIV-1 viral load among the majority of pregnant women and also the HIV-1 infection status of all the infants in this cohort. This study leveraged on an established infrastructure for nationwide implementation of PMTCT and an early HIV-1 infant diagnostic programme [24] . The RAL intensification could, therefore, be implemented successfully in the nationwide health programme. The current Thai national guidelines 2016 have recommended RAL intensification for pregnant women at high risk and, if listed in the national essential drug list, RAL will be accessible at all hospitals throughout Thailand [19] .
We are aware of the limitations in this study, which include a lack of randomisation within the control arm. However, we considered it unethical to randomly allocate women to a standard three-drug regimen versus RAL intensification when there is support in the literature and the BHIVA guidelines for this type of intensification intervention in late-presenting pregnant women. Also, we cannot provide data on systematic adverse event (AE) monitoring and reporting in these pregnant women and their offspring, for example hepatitis and hyperbilirubinemia; however, we believe we have captured serious AEs such as infant death and congenital anomalies. French authors have described an absence of increased risk of birth defects or severe AEs in infants after RAL use during pregnancy [25, 26] . Detailed data on the mode of delivery were also incomplete in this study, with a lack of information on whether Caesarean sections were performed on an emergency or elective basis. Lastly, six infants who were presumed HIV-1 uninfected as they had a documented negative HIV-1-DNA PCR result at birth lacked a follow-up until 4 months of age. Their mothers had a low plasma HIV-1 RNA at birth and these infants had been prescribed a three-drug post-exposure ART regimen perinatally. We can also add that in this study, there may have been issues with adherence to ART as RAL is administered as a twice-daily regimen in pregnancy. Dolutegravir (DTG), a newer integrase inhibitor, is given once daily and therefore potentially offers superior dosing convenience. Pharmacokinetic data on its use in pregnant women have been published [27] , as well as pilot data from Botswana where this drug is used as a first-line regimen in HIV-1 positive adults [28] . However, further data on the use of DTG in pregnancy are needed. Because of drug interactions, as is the case with efavirenz, and therefore a need to dose DTG at 50 mg twice daily when in combination, DTG might also be associated with decreased adherence to medication in some instances [29] .
In conclusion, we have shown in an open-label, prospective observational cohort study that RAL intensification of a three-drug ART regimen in pregnancies at high risk for vertical transmission in a resource-limited setting such as Thailand is feasible, is associated with a VL <1000 copies/mL in the majority of women at the time of delivery, and might be effective in decreasing vertical transmission in the context of an established PMTCT programme. It may be regarded as an effective strategy to further reduce vertical transmission, and achieve an overall vertical transmission rate below 1% in the country.
